Crystallography
Fig. S1. Structure of 1 at T = 122 K shown in perspective (left) and along the three-fold rotation axis (right) The ellipsoids are drawn at 50 % probability level. Hydrogen atoms are omitted for clarity. Fig. S2 . Structure of 2 at T = 122 K shown in perspective (left) and along the three-fold rotation axis (right). The ellipsoids are drawn at 50 % probability level. Hydrogen atoms are omitted for clarity. With an Er-I distance of 4.996Å the Er centre must be considered 7-coordinated. Q-group" corresponds to the smallest scattering angles and "5. Q-group" to the highest scattering angles.
Fig. S9
. INS spectra of 1 obtained with λ i = 3.0 Å at 1.5 K, 20 K and 50 K. The 1.5 K spectrum of 1′ is shown for comparison. The spectra are offset to improve clarity. . Temperature dependence of the magnetization for 1. Parallel (2, 4, 6 K); powder (2, 3, 5 K). The solid lines are the best fit using the parameters given in the main text.
Fig. S26
. Simulation and fit of the parallel and perpendicular magnetization of 1 at T = 2 K when treated as an effective S = ½ with an anisotropic g-factor. The best-fit result (red line) is calculated from g parallel = 12.6(7) and g perpendicular = 4.3(7). Fig. S27 . Temperature dependence of the EPR resonances in Er:1′(~5% doping) when the field is applied perpendicular to the C 3 axis.
EPR spectroscopy

Fig. S28
. X-band EPR spectra of Er:1′ (~5% doping) and simulations of the field orientations along (left) and perpendicular (right) to the C 3 axis. Table S4 . Comparison of ab initio calculated Extended Stevens parameters describing the splitting of the ground ionic multiplet J=15/2 for complex 1 using the experimental structure determined at 122 K (two left columns) and at 283 K (third and fourth columns). S30 . Experimental (powdered sample and parallel and perpendicular to the C 3 axis for a single crystal) and calculated magnetization curves for 1 using the CASSCF derived parameters. CASSCF (1) and (2) refer to the calculations for an isolated molecule and taking into account additional point charges, respectively. Fig. 39 . Calculated energy levels for 1 using the best-fit parameters mentioned in the text and as obtained from CASSCF calculations. CASSCF (1) and (2) refer to the calculations for an isolated molecule and taking into account additional point charges, respectively. Fig. 40 . Calculated energy levels for 2 using the best-fit parameters mentioned in the text. CASSCF (1) and
CASSCF calculations
(2) refer to the calculations for an isolated molecule and taking into account additional point charges, respectively. Fig. 41 . Calculated energy levels for 3 using the best-fit parameters mentioned in the text. CASSCF (1) and
(2) refer to the calculations for an isolated molecule and taking into account additional point charges, respectively.
7 Ac susceptibility Fig. S42 . Field dependence of the ac susceptibility for 1 obtained at T = 1.9 K. 
Relaxation times, complete fits
The field dependence of the relaxation times of 1 and of Er-doped 1′ is shown in Fig. S50(a) . The tunnelling rate was modelled by a simple two-level system approach with external magnetic field H ext along the z-axis, and transverse internal field B int due to hyperfine interaction and dipolar fields, yielding The temperature and field dependencies of the relaxation times of Er-doped 1′ are plotted in Fig. S50(b-e) , along with fits using the complete model
taking into account (in the order of appearance) two-phonon Raman processes, the direct process, quantum tunneling of magnetisation and the Orbach process. The same equation was already used in Ref. 30d of the main text, except for the field dependence of the direct process which is different for Kramers ions (this work) and non-Kramers ions (Ref. 30d) , respectively.
The best-fit parameters are
Including the Orbach process Without Orbach process [ Fig. S50(b,c) ]
[ Fig. S50(d,e )] ‫ܥ‬ = 13(5) s -1 K -n ‫ܥ‬ = 0.4(2) s -1 K -n ݊ = 4.5(4) ݊ = 7.5(5) ‫ܣ‬ = 1.9(2) × 10 ିଵଵ s -1 K -1 Oe -4 ‫ܣ‬ = 2.3(2) × 10 ିଵଵ s -1 K -1 Oe -4 ‫ܤ‬ ଵ = 3.9(7) × 10 ଷ s -1 ‫ܤ‬ ଵ = 3.2(4) × 10 ଷ s -1 ‫ܤ‬ ଶ = 1.7(5) × 10 ିହ Oe -2 ‫ܤ‬ ଶ = 6(1) × 10 ି Oe -2 Δ = 54.0 cm -1 (fixed) τ =1.3(4) × 10 ିଵଷ s .
For obvious reasons, the effective barrier ∆ of the Orbach process was fixed to 54 cm -1 but the prefactor τ 0 was left freely varying. Interestingly, when the complete fit without including the Orbach process [cf. Fig.  S50(d,e) ] is performed, the temperature dependence is better reproduced while the agreement with the field dependence is slightly worse. This behavior can be attributed to being close to overparameterisation when the Orbach process is added which has to be considered when interpreting the best-fit parameters, especially the value of the exponent which in the fit without the Orbach process takes the value of n = 7.5(5) consistent with the results from the simplest approach given by Eq. (2) of the main text. Disregarding the exact value of the exponent, it is impossible to obtain an acceptable fit result without taking into account the CT n term in the complete fits (Eq. S2), corroborating the importance of two-phonon processes at temperatures of about 4 K. 
Hall magnetometry
The isothermal magnetization curve of a single crystal of 1 of a mass of 0.26 mg was measured with a micro-Hall magnetometer at temperatures between 1.4 and 8.4 K. The sweeping rate of the external magnetic field was varied in the range from 150 to 2300 mT/s. The crystal was aligned with respect to the magnetic field such that a maximal magnetic signal was measured. The accuracy of the alignment was estimated to be better than 5°. Fig. S51 (left) presents the raw data of hysteresis measurements for a sweeping rate of 150 mT/s at various temperatures. As commonly observed for this measurement technique, a linear slope is superimposed on the data due to a small misalignment of the sensor plane with respect to the external magnetic field of about 0.25°. This slope was corrected by assuming that the magnetization of 1 saturates at the highest applied magnetic fields. In the present case this assumption is not fully justified, since the SQUID data ( Fig.  4 of the main text) evidence a small increase of M(H) even at high fields. It is emphasized that the correction procedure does not affect conclusions as regards a hysteretic behavior. The slope-corrected data are presented in Fig. S51 (right) . Fig. S52 presents the slope-corrected hysteresis measurements of 1 recorded at 1.4 K for sweeping rates of the magnetic field between 150 and 2300 mT s -1 . Even for the highest sweeping rate of the magnetic field no opening of a hysteresis was observed.
Fig. S51
. Temperature dependent hysteresis measurement of 1 for a sweeping rate of the magnetic field of 150 mT/s. Left: Raw data as discussed in the text. Right: Data corrected for the slope due to a misalignment of the sensor plane with respect to the magnetic field of 0.25°.
Fig. S52
. Sweeping rate dependence of the hysteresis measurement of 1.
